Gigantochloa is a paleotropical woody bamboo genus that has been widely cultivated in SE Asia because of its usefulness. Recent studies have shown that species of this genus enter into an introgression complex with other genera of the same subtribe Bambusinae. Within G. scortechinii, a common species indigenous to Malay Peninsula and common in Peninsular Malaysia, two distinct chloroplast DNA (cpDNA) lineages, the Gombak-and Langattype, were recovered. We report the development of a PCR-based restriction fragment length polymorphism (RFLP) marker for depicting the genetic differentiation in G. scortechinii based on cpDNA. We determined a cpDNA region and its corresponding restriction enzyme which can produce different RFLP profiles for the two cpDNA lineages. Our design was verified with empirical studies. The Gombaktype was the dominant cpDNA genotype for G. scortechinii in Peninsular Malaysia. Implications for the continued use of cpDNA markers in systematic studies are discussed.
Introduction
Gigantochloa, a Southeast Asian woody bamboo genus that comprises 25 species , is an economically important bamboo genus because a number of its species develop large-diameter, long and straight culm portions, and variously thick-to medium-walled culms useful for a variety of purposes. Classification of Gigantochloa at the species level has been problematic on some fronts. Some of these species are morphologically closely related (WIDJAJA, 1987; WIDJAJA and LESTER, 1987) and HOLTTUM (1958) even suggested the existence of Gigantochloa hybrid swarms, formed as a result of introgressive hybridisation among some closely related species. MULLER (1996 MULLER ( , 1998 MULLER ( , 1999 MULLER ( , 2003 advocated that the Gigantochloa taxa that exist only in cultivation, and which are not known in the wild, could be "ancient enduring clones" (AECs) selected from such hybrid swarms and brought to the Malay Peninsula and Java from the Lower Burmese region (now Myanmar), the possible centre of diversity of Gigantochloa (HOLTTUM, 1958) , during the ancient migration of people from mainland Asia into insular Southeast Asia.
Gigantochloa scortechinii is one of the most abundant Gigantochloa species indigenous to Peninsular Thailand and Peninsular Malaysia. It is easily identifiable in the field by its bright orange culm sheaths covered with appressed dark hairs with green leaf-like blades and copiously white-waxy young culms (WONG, 1995) . Recent studies suggested that this species includes two distinct chloroplast DNA (cpDNA) haplotypes that fall into different subclades (BDG1 and BDG2) in a phylogenetic analysis of its subtribe, although the nuclear DNA data supports the uniformity of its genetic attribute (GOH et al., 2011; GOH et al., 2013) . Besides, G. scortechinii is also able to hybridize naturally with Dendrocalamus pendulus, a member of a closely related genus of the same subtribe (GOH et al., 2011) . It is, therefore, of interest to further investigate the extent of the cpDNA differentiation in G. scortechinii that could give insights into the possible role of introgressive hybridization in its evolution.
For the present study, restriction fragment length polymorphism (RFLP (XIAO et al., 2013) , detection of fungal variants (JUDOVA et al., 2012; NASRI et al., 2015) , characterization of genetic variation in wheat (ALVAREZ et al., 2013) and rapid authentication of processed fish products (MUELLER et al., 2015; PAPPALARDO and FERRITO, 2015) .
Materials and methods

Plant materials
Specimens of the Gigantochloa scortechinii species were collected from the townships of Kuala Kubu Bharu (Selangor) and Serendah (Selangor), the Sungai Gabai Waterfall (Selangor) and Janda Baik village (Pahang) using the morphological descriptions by WONG (1995) . The collected juvenile leaves were preserved in silica gel. A culm sheath or a photo was taken as the voucher for each individual clone. The GPS coordinates were recorded ( Table 1) .
Total DNA extraction and PCR amplification
Total genomic DNA was isolated from approximately 0.05 g of the young leaf using the CTAB protocol modified from DOYLE and DOYLE (1987) , FULTON et al. (1995) and DESHMUKH et al. (2007) . For each individual, non-coding cpDNA intergenic spacer rps16-trnQ was amplified using the PCR primers developed by BPG (2006) . The PCR reaction mixture contained approximately 50 ng of total DNA, 1ϫ GoTaq Green Master Mix (Promega), 0.5 µM of both forward and reverse primers. Amplification was achieved in a MyCycler thermal cycler (BioRad) programmed for a preliminary 2 min denaturation step at 95°C, followed by 35 cycles of denaturation at 95°C for 15 sec, annealing at 55°C for 30 sec and extension at 72°C for 1 min 30 sec, finally at 72°C for 2 min.
Restriction enzyme digestion
The cpDNA rps16-trnQ of two individuals from Genbank (accession numbers HQ697864.1 and HQ697861.1, hereafter named as Gombak and Langat, respectively), representing subclades BDG1 and BDG2, were aligned in order to identify their SNPs. The NEB cutter 1.0 (VINCZE et al., 2003) was used to search for the restriction enzymes that cut at the SNPs. The expected band profiles using the selected restriction enzymes were screened for their usefulness in differentiating the two subclades.
The amplified rps16-trnQ fragment was digested using the ApoI restriction enzyme following the manufacturer's protocols. Digested products were separated alongside a molecular weight marker (100 bp GeneDireX ® H3 RTU) by electrophoresis on 2% agarose gels run in 0.5ϫ TAE buffer, stained with ethidium bromide and visualized under UV light. Gel photographs were scanned through GeneSnap (SynGene). -6) , (e) DS29, DS32, DS33, DS34, DS36, DS38, DS39, DS40, DS41, DS42, DS43 and DS44 (lanes 1 -12). Lane L indicates 100 bp DNA ladder (GeneDireX ® H3 RTU). Dhanendiren et. al.·Silvae Genetica (2015) GOH et al., 2011) , the last from the living collection in Rimba Ilmu Botanic Gardens, University of Malaya and which was found to be of the Langat-type (GOH et al., 2011) .
UPGMA phylogram was reconstructed using PAUP4.0 (Swofford 4.0) with Kinabaluchloa nebulosa (FJ416360 and GU390959) and Holttumochloa magica (FJ416348 and GU390958) as the outgroups.
Results
RFLP marker selection
The screening of suitable restriction enzymes generated using the NEB cutter 1.0 shows that MlucI, ApoI, AgsI and MseI were able to distinguish the different cpDNA types of G. scortechinii (Figures 1(a) and Table 2 ). MlucI and MseI were, however, expected to produce too many bands that can cause confusion in band scoring.
Digestion using the ApoI restriction enzyme resulted in the banding profiles of 100 bp, 128 bp, 156 bp, 261 bp, and 370 bp for Langat, while Table 1 . -Gigantochloa scortechinii specimens collected for this study and their cpDNA types. The grey shaded specimens are Langat-type while the non-shaded ones are Gombak-type. Dhanendiren et. al.·Silvae Genetica (2015) 64-4, 194-200 9 bp, 149 bp, 229 bp, 253 bp and 370 bp were observed for Gombak. These banding patterns were used to represent the two cpDNA genotypes of G. scortechinii.
RFLP profiling using ApoI based on the chloroplast rps16-trnQ region
The amplification of the chloroplast rps16-trnQ region yielded a distinct band size of about 1.2 kb. The ApoI digestion of the chloroplast rps16-trnQ region using the Langat and Gombak specimens resulted in two banding patterns. The Langat-type showed two bands between 200-300 bp, and two bands between 100-200 bp. The Gombak-type produced three bands between 200-300 bp, and none between 100-200 bp (Figure 1) . The band sizes observed were slightly different from those estimated using the NEB cutter 1.0 because the virtual restriction digestion was performed using trimmed DNA sequence data.
Eight out of 11 individuals (72.7%) from Kuala Kubu Baru, and four out of nine individuals (44.4%) from Serendah were found to be of the Langat-type. Among the six individuals collected from Sungai Gabai Waterfall area (within the district of Hulu Langat in Selangor), only DS32 exhibits the Langat-type banding pattern. All individuals collected from Janda Baik village are of the Gombak-type (Table 1; Figure 1 ). All the bands were distinct and unambiguous.
SNPs and indels
The aligned data matrices of rps16-trnQ and trnD-T consist of 999 and 1101 characters, respectively. Variable sites 12, 356, 637, 799 and 930, as well as the 7 bp-indels (382-388) and the 20-bp indels (977-996) showed the distinctiveness between the Langat-and Gombaktypes (Table 3) . It is, however, observed that the 9 bp-insertion (at sites 748-756) in DS24 resembled that in the Langat-type individuals Dhanendiren et. al.·Silvae Genetica (2015) 64-4, 194-200 DOI:10.1515/sg-2015-0018 edited by Thünen Institute of Forest Genetics (Table 3 ). The uniqueness of the Langat-and Gombak-types was also supported by the DNA data of the trnD-T region and the UPGMA dendrogram reconstructed based on the combined DNA data (Figure 2) .
Discussion
Chloroplast DNA differentiation in G. scortechinii
The two chloroplast genotypes in G. scortechinii were first noticed in phylogenetic studies by GOH et al. (2011) and GOH et al. (2013) . The possibility of misidentification could be ruled out as G. scortechinii has conspicuous and consistent field characteristics, i.e., bright orange culm sheaths covered with dark appressed hairs on the adaxial surface and copious whitewaxy young culm internodes (WONG, 1995) .
The existence of two distinct cpDNA haplotypes of G. scortechinii in Peninsular Malaysia is an indication of chloroplast capture (GOH et al., 2011) , possibly resulted from possible backcrosses to the pollen parents after hybridization, i.e., introgression (RIESEBERG and SOLTIS, 1991) , although the possibility of incomplete lineage sorting cannot be ruled out. This is not uncommon in various plant groups, namely Gossypium (WENDEL and ALBERT, 1992), Saxifragaceae OKUYAMA et al., 2005) , Pinaceae SENJO et al., 1999; ITO et al., 2008) , Phlox (FERGUSON et al., 2002) , Salix (HARDIG et al., 2000) and Nothofagus (ACOSTA and PREMOLI, 2010), Osmorhiza (YI et al., 2015) , as well as the North American bamboos, Arundinaria tecta and A. appalachiana (TRIPLETT et al., 2010) . In this study, the donor of the foreign cpDNA is uncertain as each of the distinct cpDNA haplotypes was clustered with a few other genera and species (GOH et al., 2013) , an observation attributed to a widespread introgression among the members of the Bambusa-DendrocalamusGigantochloa (BDG) complex in the past.
Interspecific fertilization often occurs when the seed parent is present in minority, allowing out competition of same-species pollen by pollen of another species (RIESEBERG, 1995) ; it is also expected that individuals that carry the foreign chloroplast will be low in frequency. Of the three populations with both Gombak-and Langat-type cpDNA, the Serendah and Sungai Gabai Waterfall populations had higher frequencies of Gombak-type compared to those of the Langat-type. Overall, among the 33 individuals sampled across four localities in Peninsular Malaysia, the Gombak-type is more abundant than the Langat-type (60.7% vs. 39.3%), suggesting that the former is the dominant cpDNA genotype for G. scortechinii. It is not impossible, however, that the ratio could change when sampling is extended.
Among the four sampling sites, Kuala Kubu Bharu and Serendah recorded relatively higher precentage of the Langat-type. Specimens from both Kuala Kubu Bharu and Serendah were from relatively more disturbed places compared to the sampling sites in Sungai Gabai Waterfall area and Janda Baik. In Kuala Kubu Bharu, specimens were collected along the roadside where a dam is located. In Serendah, samples were collected from an aboriginal settlement and suburb. This implies that anthropogenic environmental changes could have promoted cpDNA introgression in G. scortechinii.
Implications for systematic studies
Our observations conform to the past introgression suggested for the BDG complex (GOH et al., 2013) . We suggest that inconsistencies among cpDNA-based phylogenies in previous studies of Southeast Asian woody bamboos Kinabaluchloa nebulosa and Holttumochloa magica were used as the outgroups. Dhanendiren et. al.·Silvae Genetica (2015) 64-4, 194-200 DOI:10.1515/sg-2015-0018 edited by Thünen Institute of Forest Genetics (YANG et al. 2008; SUNGKAEW et al. 2009; YANG et al., 2010; GOH et al., 2013) could be partially due to such chloroplast capture. As shown by the results for Kuala Kubu Baru, the introgressed individuals could be predominant in certain localities. These results have implications for the sampling of taxa for molecular systematic studies of woody bamboos. It may be that sampling should at least follow the predominant morphological form of a taxon, or be carried out within the predominant center of distribution of such a typical form, and in cases possibly be guided by a quick preliminary profiling by methods such as we have employed.
Conclusions and future work
While conventional DNA profiling methods have lost some popularity along with advances in molecular techniques, here we demonstrate the use of PCR-RFLP for a rapid screening of two chloroplast genotypes in G. scortechinii. Use of PCR-RFLP is still a cost-effective and rapid preliminary screening method for population genetic screening or low-level systematic studies that usually involve a large number of specimens.
Notwithstanding, it is apparent that the captured variation has interesting connotations (e.g., as to which is the dominant or basic genotype) influenced by geographic scale and the scope of sampling. Our results make it interesting for additional studies to be made that would involve a wider sampling in Peninsular Malaysia, especially in relation to the fringes of G. scortechinii distribution and how chloroplast capture may involve other species of adjacent or sympatric distribution.
These results also imply that analyses with nuclear DNA might be expected to better reflect the larger distinctive phylogenetic traits and therefore be an important basis in understanding the systematic of the woody bamboos. Some studies based on nuclear markers have already begun to yield such systematic information and a more intensive use of nuclear markers seems prospective.
